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(57) Abstract: The present invention relates to a method for measuring the amount of vitamin D metabolite in a sample of plasma 
or serum, comprising the step of (a) adding to a serum or plasma sample a non-competitive displacement agent to effect separation 
of any vitamin D metabolite in the sample form protein to which it is bound, such that any vitamin D metabolite may be detected 
and/or measured; and (b) detecting or measuring the amount of vitamin D metabolite in the sample of (a). Such methods are useful 
in determining the vitamin D status of the subject, for example in the diagnosis of disease. Also provide are agents and kits for use 
in performing the methods of the invention. 
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METHOD FOR DETECTION OF VITAMIN D METABOLITES 

The present invention relates to a method for measuring the amount of a vitamin D 
metabolite present in a sample of plasma or serum, and in particular to a method which 
enables measurement of the amount of a vitamin D metabolite in a sample of plasma 
or serum without the need for prior extraction from the sample of vitamin D 
metabolite binding proteins. The present invention also relates to methods for 
determining the vitamin D status of a subject, for use in the diagnosis of disease, and 
to agents and kits for use in performing the methods of the invention. 

Vitamin D status is an indication of the level of circulating vitamin D or vitamin D 
metabolites in a subject, and is an important factor in the cause of a number of 
diseases including rickets in children and osteomalcia in adults. It is also useful in 
identifying the underlying causes of hypercalcemia and hypocalceamia. Vitamin D 
and its metabolism are the subject of great clinical interest, and in line with this there 
has been a steady increase in the effort towards improving methods for the 
measurement of vitamin D and its metabolites in body fluids. 

Vitamin D is available to man as either vitamin D2 or vitamin D3. Vitamin D2 is 
produced outside the body by irradiation of ergosterol from yeast and fungi, and is 
found in man when taken in the form of fortified 
foods or pharmaceutical preparations. Vitamin D 3 , on the other hand, is formed in 
animals from 7-dehydrocholesterol upon exposure to uv light. In man, this reaction 
occurs in the skin. Vitamin D 3 is also available in the diet, for example from fish liver 
oils. Vitamin D, in the form of vitamin D 2 or D 3 , is rapidly converted to the 
circulating metabolite, 25-hydroxy vitamin D, which is found outside cells, tightly 
bound to circulating vitamin D binding protein (DBP). Due to the rapid conversion of 
vitamin D to its' metabolite, measurement of vitamin D does not give a useful 
indication of the vitamin D status of a subject. Other metabolites of vitamin D, such 
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as la,25-dihydroxy vitamin D, circulate at a concentration 1000 times lower than non- 
lot-hydroxylated metabolites such as 25-hydroxy vitamin D, and so do not contribute 
significantly to the estimation of total circulating vitamin D metabolite. For this 
reason, the loc-hydroxylated metabolites do not provide a direct or useful indication of 
5 vitamin D status. 25-hydroxy vitamin D is the metabolite with the highest serum 
concentration, and is easy to measure. It has therefore become the most common 
marker of vitamin D status in a subject. 

The established methods for measurement of 25-hydroxy vitamin D provide a result 
10 which includes contributions from other vitamin D hydroxylated metabolites, 
principally 24,25-dihydroxy vitamin D but also 25,26-dihydroxy vitamin D and other 
metabolites. These other hydroxylated metabolites contribute 1 to 7% of the measure 
of total circulating vitamin D metabolites, the remainder being 25-hydroxy vitamin D. 
Whilst for many applications, including research, it is sufficient to measure the total 
15 amount of circulating vitamin D metabolites, for other applications separation of these 
metabolites is required to allow specific measurement of 25-hydroxy vitamin D. It is 
generally accepted that measurement of 25-hydroxy vitamin D levels in serum or 
plasma samples is the preferred method of determining the vitamin D status of a 
subject. 

20 

25-hydroxy vitamin D is found circulating in the serum or plasma, tightly bound to 
DBP (also known as Gc globulin). It is hydrophobic, and in addition to binding to 
DBP, it is found to bind strongly to other binding proteins such as albumin. The 
presence of such binding proteins, in particular DBP, presents a major difficulty in 
25 measuring serum or plasma levels of 25-hydroxy vitamin D. 

To deal with this problem, methods for measurement of 25-hydroxy vitamin D to date 
have relied upon removal of DBP or other binding proteins from the sample to be 
analysed. This has typically involved an extraction step which separates the DBP 
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from the vitamin D metabolite and removes the DBP from the sample, leaving behind 
the vitamin D metabolite. Extraction has been achieved by a number of methods, 
including solvent based extraction by adding to the sample an organic solvent such as 
chloroform, hexane or ethyl acetate and hexane. The organic and aqueous layers are 
5 separated and the solvent evaporated. The residue is then reconstituted in a water 
miscible solvent such as ethanol. Reverse phase cartridge extraction methods have 
also been used. Other traditional methods include the use of HPLC and 
chromatography to achieve separation of individual vitamin D metabolites and exclude 
from the sample interfering factors such as binding proteins. 

10 

Simplification of the methods for extraction and separation has been a key feature in 
the improvement of assays for vitamin D and its metabolites. For example, the 
chromatography step has been eliminated by the use of water miscible solvent such as 
acetonitrile to precipitate binding proteins. The binding proteins are then separated 
15 from the supernatant by centrifugation, and the supernatant is then analysed by 
immunoassay or competitive protein binding assay to determine the amount of vitamin 
D metabolite present. 

While removal of vitamin D binding proteins from serum samples by organic solvents 
20 is effective, the process requires evaporation of volatile organic solvents which is not 
attractive for routine use in clinical biochemical laboratories. Although the use of 
water miscible solvents such as acetonitrile has largely eliminated the need for solvent 
evaporation, these have the disadvantage of being toxic. In addition, the requirement 
for a separate extraction step inevitably lengthens the assay time. 

25 

Boullion et al (Clin. Chem. 30/11 1731-1736 (1984)) describe 'Two Direct (Non- 
Chromatographic) Assays for 25-Hydroxy Vitamin D". Whilst the assays described 
dp not require a chromatography step as required in more traditional methods, they 
still require extraction of the vitamin D binding proteins from the sample by the use of 
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solvent precipitation. Thus, the assays described in this publication suffer from the 
drawbacks mentioned above. 

Holick et al (5,981,779) describe methods for assaying vitamin D and its' metabolites 
5 in milk and other biological fluids. One of the solid phase assays described uses a 
competitive binding assay to measure the vitamin D metabolite in the sample, and 
comprises the steps of: (a) providing a solid phase support having immobilised thereon 
a protein or antibody which is capable of binding labelled vitamin D; (b) contacting 
the solid phase with a solution of labelled vitamin D to allow it to bind to the solid 
10 phase; (c) washing the solid phase to remove unbound labelled vitamin D; (d) 
contacting the solid phase with a sample suspected of containing vitamin D or its 
metabolite, for a time sufficient to displace the labelled compound; (e) collecting the 
liquid of (d); and (f) measuring the amount of labelled vitamin D in the liquid, which 
is proportional to the amount of vitamin D or metabolite in the test sample. . This 
15 method is shown as a schematic in Figure 3, when performed using milk as the test 
sample. 

The method described is essentially a "free hormone" assay. In the example 
illustrated, the sample is milk which contains little DBP. The hydrophobic vitamin D 

20 will be bound to other milk proteins, the binding of which will be relatively low 
affinity compared with the binding for DBP. This is the basis on which a suitable 
competition between sample-derived vitamin D and labelled vitamin D tracer is 
achieved in the assay for milk samples. In samples containing significant amounts of 
DBP, for example serum, where the DBP level is ~400mg/L, approximately 6% of the 

25 a-globulin fraction of serum, the "free" (i.e. that not bound to DBP) vitamin D is a 
very small proportion of the total (0.04% for serum). Such an assay is not suitable for 
measurement of vitamin D metabolite in these samples, a view which is further 
supported by Holick et al in a recent publication describing by a variation of the 
illustrated assay for application to serum samples. However, the only significant 
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difference between the illustrated milk assay and the serum assay is the need for an 
additional solvent extraction stage to remove DBP and other proteins from the sample 
(11 th Workshop on Vitamin D, 27 May-1 June 2000, Nashville, USA). If serum was 
substituted for milk in the original assay, the labelled vitamin D originally bound to 
5 the DBP on the tube would simply equilibrate with the DBP present in the sample, of 
which 98% have unoccupied D binding sites. Such an assay would therefore only 
provide a measure of the capacity of the sample to bind a vitamin D-analogue, and not 
the sample's vitamin D content. 

10 The Holick patent teaches that measurement of vitamin D (or metabolites) is possible 
in milk samples without need for an extraction process. It does not teach efficient 
methods by which the- difficulties of vitamin D measurement in serum can be 
overcome. 

15 Measurement of steroid hormones in serum, plasma or other biological fluids is 
carried out by a direct immunoassay, without the need for a separate extraction 
procedure. This has been achieved by the use of a steroid analogue which binds to the 
relevant steroid binding proteins, but does not cross react with the antibody used in the 
immunoassay. The steroid analogue saturates the steroid binding protein, displacing 

20 the steroid and allowing the steroid to bind to the antibodies of the immunoassay. 

Use of a (specific) competitive displacer such as a vitamin D analogue that does not 
cross-react with the assay antibody, should be able to provide a "direct assay" (by 
analogy to direct steroid measurement methods). However there are two difficulties. 
25 Firstly, the concentration of DBP is very high in serum samples, typically ~400mg/L 
(~7umol/l), and typically only -2% of DBP has 25 hydroxy-vitamin D bound, the 
remaining -98% DBP remains unoccupied and will bind potential competitive 
displacers. As a result the concentration of a specific competitive displacer must be 
sufficient to saturate the DBP and would need to be in excess if the affinity was lower 
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than that of 25 hydroxyvitamin D. Vitamin D analogues are particularly expensive due 
to the complexity of vitamin D chemistry. Secondly, the specificity of DBP (for 
natural vitamin D metabolites) means that even with the availability of large numbers 
of different vitamin D analogues, very few have affinity for DBP that can compete 
5 with 25 hydroxyvitamin D. 

The present invention aims to overcome or ameliorate the problems associated with 
the prior art, by providing an improved method for measuring vitamin D metabolite 
present in a sample of serum or plasma. 

10 

Thus, in a first aspect of the present invention there is provided a method for 
measuring vitamin D metabolite present in a plasma or serum sample of a subject, the 
method comprising: 

(a) adding to a sample of serum or plasma a non-competitive displacement agent 
15 to effect separation of any vitamin D metabolite in the sample from protein to 

which it is bound, such that any vitamin D metabolite can be detected and/or 
measured; and 

(b) detecting or measuring the amount of vitamin D metabolite in the sample of 
(a). 

20 

Thus, the present invention satisfies the pressing need for a simple yet effective 
method for measuring vitamin D metabolite in a serum or plasma sample. It is based 
upon the surprising discovery of non-competitive displacement agents which enable 
effective separation of vitamin D metabolites from binding proteins to enable the 
25 amount of vitamin D metabolites to be detected or measured, without competing with 
the protein or requiring its extraction from the sample. In essence, the invention 
provides for the first time displacement agents for use in vitamin D metabolite analysis 
which are not analogues or competitors of the vitamin D metabolites to be measured. 
The elimination of 5 the need of both the extraction step and competitive displacement 
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agents has enabled a method which is more efficient and cost effective than previous 
methods, and thus more suited to routine use in clinical biochemical laboratories or 
personal use. 

5 The present invention may be performed on any sample of plasma or serum, 
preferably from a subject. The subject whose plasma or serum is to be analyzed may 
be one for whom it is desirable to determine vitamin D status. Preferably, the subject 
may be a mammal. More preferably, the subject is a human, and most preferably a 
child. 

10 

Measuring vitamin D metabolite present in a sample of plasma or serum may include 
both detecting the presence of any vitamin D metabolite in the sample, or more 
preferably, determining the amount of vitamin D metabolite present. The amount may 
be compared with a key detailing whether the amount represents a deficiency or 
1 5 excess of vitamin D metabolite. 

Any one or more metabolites of vitamin D may be measured in the method of the 
present invention. In a preferred embodiment, a specific vitamin D metabolite is 
measured in a sample, although it is envisaged that for some applications it may be 
20 preferred to measure two or more types of metabolite present. Examples of 
metabolites include 25-hydroxy vitamin D 2 , 25-hydroxy vitamin D 3 , 24,25-dihydroxy 
vitamin D 3 and 25,26-dihydroxy vitamin D. 25-hydroxy vitamins D 2 or D 3 , or 
analogues thereof, are the preferred metabolites to be measured in the method of the 
invention. 

25 

The method of the invention is not restricted to the separation, or displacement, of a 
vitamin D metabolite from DBP, but may be used in the separation of a vitamin D 
metabolite from any factor to which it is bound. Typically, such factors will be 
proteins, for example, serum albumin. 

30 
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By displacement is meant full or partial separation of some or all of the vitamin D 
metabolite from' the factor to which it is bound in the sample. Preferably, the 
displacement of the vitamin D metabolite from the binding factor is sufficient to 
enable the vitamin D metabolite to detected and/or measured, for example in a binding 
5 assay. It is preferred that substantially all of the vitamin D metabolite present in the 
. sample is sufficiently displaced from the binding factor, to enable it to be measured. 
In this context, "substantially" means at least 95%, 98% and preferably at least 99% of 
the vitamin D metabolite is displaced. This ensures accuracy of a test based upon the 
method of the invention. 

10 

Any non-competitive agent capable of achieving displacement, or separation, of the 
vitamin D metabolite from the binding protein may be used in step (a) of the method 
of the invention. Preferred agents for use in the present invention are chemical 
reagents which may act by disrupting or destroying the bond between vitamin D 

15 metabolite and binding factor. Preferred chemical reagents for use as displacement 
agents are those which bind to vitamin D binding proteins such as albumin with 
sufficient affinity to assist displacement of the vitamin D metabolite. In a most 
preferred embodiment of the present invention, the displacement agent is a chemical 
reagent comprising, preferably in a buffer, 8-anilino-l-napthalenesulphonic acid 

20 ammonium salt, 3-(acetonylbenzyl)-4-hydroxycoumarin and a water miscible solvent. 
Any suitable buffer may be used, for example phosphate buffered saline. Suitable 
water miscible solvents will be known to persons skilled in the art and include ethanol, 
acetonitrile, propan-l-ol, propan-2-ol, acetone, dimethylformamide and methyl 
sulphoxide. The preferred water miscible solvent is methanol. The suitable 

25 concentrations and proportions of the three reagents for producing the displacement 
agent can be readily ascertained by persons skilled in the art. Preferred concentrations 
of the reagents .are 0.5 to 10g/l, more preferably 1.60g/l 8-anilino-l- 
napthalenesulponoc acid ammonium salt; 50 to 1000mg/l, and more preferably 
160mg/l 3-(acetylonylbenzyl)-4-hydroxycoumarin and 10 to 300ml/l, more preferably 

30 160ml/l water miscible solvent such as methanol. 
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Once the vitamin D metabolite has been displaced from the binding factor in the 
sample, the presence or amount of vitamin D metabolite in the sample may be 
determined. Any suitable method may be used for this purpose, and such methods will 
5 be familiar to persons skilled in the art. Examples of suitable methods include binding 
assays, such as competitive or non-competitive binding assays, immunoassays, or 
direct labeling of unbound vitamin D metabolites. 

The step (b) of measuring the amount of vitamin D metabolite in the sample may be 
10 performed subsequent to, or simultaneously with step (a). Preferably, the step (b) is 
carried out simultaneously with step (a), thus providing a single step assay or 
measurement of vitamin D metabolite in a senim or plasma sample. 

One of the preferred methods for measuring displaced vitamin D metabolite in a 
15 sample is by way of a competitive binding assay. Suitable competitive binding assays 
take various forms, and will be well known to persons skilled in the art. A typical 
competitive binding assay will comprise contacting a receptor with a labeled form of a 
ligand and a sample suspected of containing an unlabelled form of the same ligand. 
The amount of labeled ligand which is found bound to the receptor is indicative of the 
20 proportion of unlabeled ligand in the sample. Alternatively, the competitive binding 
assay may comprise providing receptors bound to a labeled form of the ligand, adding 
to the receptors the sample suspected of containing the unlabelled form of the ligand, 
and measuring the amount of displaced labeled ligand which is indicative of the 
amount of unlabelled ligand jpresent. 

25 

In a preferred embodiment of the first aspect of the invention, there is provided a 
method of measuring the amount of displaced vitamin D metabolite in a sample, 
comprising the steps of: 

(a) providing a support having immobilised thereon a binding factor capable of 
30 binding a vitamin D metabolite; 
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13. A method for determining the vitamin D status of a subject, comprising the 
method according to any one of claims 1 to 12. 

14. A method for detennining the vitamin D status of a subject according to claim 
5 1 3 comprising the additional step of first removing a sample from a subject. 

15. A non-competitive displacement agent according to any one of claims 3 to 5 . 

16. Use of a non-competitive displacement agent according to claim' 15 in 
10 measuring the vitamin D metabolite in a serum or plasma sample. 

17. Use of a non-competitive displacement agent according to claim 15 in a 
method according to any one of claims 1 to 14. 

15 is. a kit for use in measuring vitamin D metabolite in a sample comprising a 
displacement agent according to claim 15. 

19. A kit according to claim 18 further comprising a key showing the 
correlation between the results of the method and the amount of vitamin D metabolite 

20 present in the sample, 

20. A kit according to claim 18 or 19 further comprising means for measuring 
the vitamin D metabolite present in the sample. 

25 21. A kit according to any one of claims 18 to 20 further comprising one or 
more of a support, labels, protein, antibody and instructions for use. 
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known to persons skilled in the art. For example, the displaced vitamin D may be 
captured on a support of vitamin D metabolite specific antibodies, and then quantified 
using a second, labeled vitamin D metabolite specific antibody. 

Any suitable labeling means may be used in the above methods. Suitable labels 
include enzymatic labels, such as alkaline phosphatase, peroxidase, biotin-streptavidin, 
fluorescent labels such as flourescin or rhodamine, or chemiluminescent labels such 
asluminol, acridium esters, and 1,2-dioxetanes. Also included are combinations of the 
above, for example avidin-fluorescin, as an alternative for avidin-HRP. 

In a second aspect of the invention, there is provided a method for determining the 
vitamin D status of a subject, the method comprising: 

(a) adding to a sample of serum or plasma a non-competitive displacement agent 
to effect separation of any vitamin D metabolite in the sample from protein to 
which it is bound, to produce a sample comprising unbound vitamin D 
metabolite and protein; and 

(b) measuring the amount of vitamin D metabolite in the sample of (a). 

The vitamin D status of a subject is highly informative, and may be used to determine 
20 the underlying cause of a number of disease states including rickets, and hyper- or 
hypo-calceamia. Thus, in a preferred embodiment of the second aspect of the 
invention, the method relates to determining the cause of disease in a subject, wherein 
preferably, the subject is a human and most preferably a child. 

25 The present invention is performed in vitro, on a sample of serum or plasma removed 
from a subject. Thus, preferably, the method comprises the additional step of first 
removing a serum or plasma sample from the subject. The present invention therefore 
relates to a non-invasive method, the results of which may be used in a detennining 
vitamin D status of a subject, and thus the underlying to disease. The method does not 



10 



WO 02/46746 



PCT/GBO 1/05395 



10 

(b) contacting the support with a sample comprising the vitamin D metabolite to be 
measured; 

(c) contacting the support with a labeled form of the vitamin D metabolite; 

(d) measuring the amount of labeled vitamin D metabolite left bound to the 
5 support, 

wherein the amount of labeled vitamin D metabolite bound to the support is 
proportional to the amount of vitamin D metabolite in the sample. 

Where it is preferred to perform the binding assay simultaneously with the 
10 displacement step, the method of the first aspect may comprise the steps of 

(a) providing a support having immobilised thereon a binding factor capsule of 
binding a vitamin D metabolite; 

(b) contacting the support with a serum or plasma sample of a subject; 

(c) adding to the support a non-competitive displacement agent to effect separation 
15 of the vitamin D metabolite from protein to which it is bound; 

(d) contacting the support with a labelled form of the vitamin D metabolite; 

(e) measuring the amount of labelled vitamin D metabolite left bound to the 
support; 

wherein the amount of labelled vitamin D metabolite bound to the support is 
20 proportional to the amount of vitamin D metabolite in the sample. 

The binding factor to be immobilized on the support may be any factor capable of 
binding a labelled or unlabelled form of the vitamin D metabolite. The binding factor 
may a protein, such as albumin or DBP, or an antibody specific for the particular 
25 vitamin D metabolite of interest. In a most preferred embodiment, the binding factor 
is an antibody against the vitamin D metabolite. Preferably, the antibody is 
polyclonal. 

In an alternative embodiment, the vitamin D metabolite may be measured by way of 
30 an immunoassay. Any suitable form of immunoassay may be used, and these will be 
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known to persons skilled in the art. For example, the displaced vitamin D may be 
captured on a support of vitamin D metabolite specific antibodies, and then quantified 
using a second, labeled vitamin D metabolite specific antibody. 

Any suitable labeling means may be used in the above methods. Suitable labels 
include enzymatic labels, such as alkaline phosphatase, peroxidase, biotin-streptavidin, 
fluorescent labels such as flourescin or rhodamine, or chemiluminescent labels such 
asluminol, acridium esters, and 1,2-dioxetanes. Also included are combinations of the 
above, for example avidm-fluorescin, as an alternative for avidin-HRP. 

In a second aspect of the invention, there is provided a method for determining the 
vitamin D status of a subject, the method comprising: 

(a) adding to a sample of serum or plasma a non-competitive displacement agent 
to effect separation of any vitamin D metabolite in the sample from protein to 
which it is bound, to produce a sample comprising unbound vitamin D 
metabolite and protein; and 

(b) measuring the amount of vitamin D metabolite in the sample of (a). 

The vitamin D status of a subject is highly informative, and may be used to determine 
20 the underlying cause of a number of disease states including rickets, and hyper- or 
hypo-calceamia. Thus, in a preferred embodiment of the second aspect of the 
invention, the method relates to determining the cause of disease in a subject, wherein 
preferably, the subject is a human and most preferably a child. 

25 The present invention is performed in vitro, on a sample of serum or plasma removed 
from a subject. Thus, preferably, the method comprises the additional step of first 
removing a serum or plasma sample from the subject. The present invention therefore 
relates to a non-invasive method, the results of which may be used in a detenxrining 
vitamin D status of a subject, and thus the underlying to disease. The method does not 
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however provide a result upon which an immediate medical decision regarding 
treatment must be made. 

In a third aspect of the present invention, there is provided a displacement agent as 
5 defined in relation to the first aspect. 

In a fourth aspect of the invention, there is provided the use of an agent of the third 
aspect. In a method for measuring vitamin D metabolite in a sample of serum or 
plasma, or for determining the vitamin D status of a subject, preferably the 
10 displacement agents are used in methods of the first and second aspects of the 
invention. 

In a fifth aspect of the invention, there is provided a kit for use in a method of the first 
or second aspects, comprising a displacement agent according to the second aspect of 

15 the invention. The kit preferably also comprises a key showing the correlation 
between the results of the assay with the amount of vitamin D metabolite present in 
the sample. In a further preferred embodiment, a kit may comprise means for carrying 
out step (b) of the first aspect of the invention. Such means may include one or more 
of a support, labelled vitamin D metabolites, antibodies, proteins on labels. The kit 

20 preferably will also comprise instructions for use. 

The preferred embodiments apply to each aspect, mutatis mutandis. 

The present invention will now be described by way of a non-limiting example, with 
25 reference to the following figures, in which: 

Figure 1 shows a typical calibration curve for the direct 25-hydroxyvitamin D enzyme 
immunoassay. 
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Figure 2 shows a correlation of the direct enzyme immunoassay of the present 
invention with Immunodiagnostic Systems Ltds' Gamma B 25-Hydroxy Vitamin D 
radioimmunoassay (IDS catalogue number AA-35F1) with 180 serum or plasma 
patient samples. 

5 

Figure 3 shows a correlation of the direct enzyme immunoassay with the Diasom 25- 
Hydroxy Vitamin D 125 I RIA (catalogue number 68100E, Diasorin, Stillwater, 
Minnesota, USA) with 55 serum or plasma patient samples 

10 Example 

Preparation of anti-vitamin D coated microtitre plates 

Donkey anti-(sheep IgG) serum and sheep anti-vitamin D were both purified by 
sodium sulphate precipitation to give the corresponding IgG fractions. Microtitre 
plates (Nunc Maxisorp) were coated with donkey anti(sheep IgG), a purified IgG, 

15 250ul per well of 30mg/l IgG in lOmM phosphate buffered saline (PBS) and 
incubated overnight at room temperature. The coated plates were washed three 
times with lOmM phosphate buffered saline, 0.05% Tween 20(PBST). Sheep anti- 
vitamin IgG, lng/ml in PBS, 0.1% Polypep (Sigma), 0.05% sodium azide, 200ul 
per well was added and plates stored at 2-8C. Plates were washed with PBST before 

20 use. 

Preparation of vitamin D biotin 

A solution of 24,25-dihydroxyvitamin D in methanol (200p.l/mg/mL) was treated 
with an excess of sodium periodate in water for 1 hour at room temperature and 
25 purified by HPLC chromatography (Hypersil C18 column 4.6mm x 125mm, 50% 
methanol/water, elution gradient of 50% to 100% methanol). The eluted fractions 
containing (25,26,27-nor)-vitamin D-24-aldehyde were treated with excess 
carboxymethyl oxime (Sigma) methanol for 4 hours, purified by HPLC 
chromatography (as above) to provide 24-CMO-vitamin D. The N- 
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hydroxysuccinimide ester was prepared by treatment of 24-CMO-vitamin D with 
excess N- hydroxysuccinimide and dicyclohexylcarbodimide in dioxan. The N- 
hydroxisuccinimide ester of 24-CMO-vitamin D and biotin N- hydroxysuccinimide 
ester (Sigma) were added to bisaminopolyethylene glycol (Sigma) in dioxan solution 
5 and allowed to react for 3 hours at room temperature. Excess 24-CMO-vitamin D 
and biotin were removed by dialysis and the vitamin D-biotin conjugate was stored at 
-20C. 

Vitamin D displacement agent 

10 The preferred formulation of the vitamin D displacement agent is any conventional 
buffer, such as phosphate buffered saline solution containing 8-anilino-l- 
napthalenesulphonic acid ammonium salt (0.5 to 10g/l, preferably 1.6g/l), 3-(a- 
acetonylben2yl)-4-hydroxycoumarin (50 to 1000mg/l, preferable 160mg/l) and 
methanol (10 to 300m/l, preferably 160m/l). 

15 

Enzymeimmunoassay 

A typical assay procedure is as follows: 

A portion of sample (25jil serum or plasma) is diluted with lml of vitamin D 
displacement agent as described above. A portion of the diluted sample (100|nl) is 

20 added to the anti- vitamin D antibody coated microtitre plate, followed by addition of a 
solution (100|al )of the vitamin D-biotin conjugate, and incubated for 90 minutes at 
room temperature. The plate was washed three times with lOmM phosphate buffered 
saline containing 0.05% Tween20 (PBST). Avidin peroxidase conjugate (Sigma) 
diluted 1 :2000 in PBST was added and incubated for 30 minutes at room temperature, 

25 followed by washing three times with PBST. TMB substrate reagent (Moss Inc.) was 
added and colour allowed to develop for 30 minutes. After addition of 0.5M HCL to 
stop the reaction, the absorbance was recorded at 450nm. 
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A calibration curve is prepared with each batch of samples being analysed, and the 25- 
hydroxyvitamin D values for each sample can be read directly from the calibration 
curve using the absorbance value obtained for each sample. This can be performed 
manually from a calibration curve plotted on graph paper, or more usually by suitable 
5 data processing software. 

A typical calibration curve for the direct 25-hydroxyvitamin D enzymeimmunoassay is 
shown in Figure 1. 

10 



25-Hydroxyvitamin D Absorbance B/Bo (%) 

( nmol/L) at 450nm 

15 0 2.436 100% 

6.8 2.015 83% 

14 1.678 69% 

27 1.330 55% 

67 0.815 33% 

20 179 0.484 20% 

380 0.332 14% 



To demonstrate effectiveness of the direct 25-hydroxyvitamin D enzymeimmunoassay 
25 with patient samples, the assay was compared to two commercially available 
radioimmunoassays^ both of which use an extraction step as part of sample preparation 
prior to assay. The two radioimmunoassays are widely used clinically for the 
quantitative determination of 25-hydroxyvitamin D and other metabolites in human 
serum or plasma as part of the assessment of vitamin D sufficiency. The direct 25D 
30 enzymeimmunoassay shows good agreement and correlation with two established 
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extraction radioimmunoassys, thus demonstrating the utility of a direct 25r 
hydroxyvitamin D enzymeimmunoassay for the quantitative determination of 25- 
hydroxyvitamin D (and other metabolites) in serum or plasma specimens (Figures 2 
and 3). 
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Claims 

1. A method for measuring vitamin D metabolite present in a plasma or serum 
5 sample, the method comprising: 

(a) adding to a serum or plasma sample a non-competitive displacement agent to 
effect separation of any vitamin D metabolite in the sample from protein to which it is 
bound, such that any vitamin D metabolite may be detected and/or measured; and 
■(b) detecting or measuring the amount of vitamin D metabolite in the sample of 
10 (a). 

2. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 1, wherein the vitamin D metabolite is 25-hydroxy Vitamin D or an 
analogue thereof. 

15 

3. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 1 or 2, wherein the non-competitive displacement agent is a 
chemical reagent. 

20 4. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 3 wherein the displacement agent comprises 8-anilino-l- 
napthalenesulphonic acid ammonium salt, 3-(acetonylbenzyl)-4-hydroxycoumarin and 
a water miscible solvent. 

25 5. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 5, wherein the water miscible solvent is methanol. 

6. A method for measuring vitamin D metabolite in a serum or plasma sample 
according.to any one of claims 1 to 5 wherein the amount of vitamin D metabolite is 
30 measured in a binding assay. 
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7. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 6 wherein the binding assay is a competitive binding assay. 

5 8. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 7 wherein the competitive binding assay comprises the steps of 

(a) providing a support having immobilised thereon a binding factor capable of 
binding a vitamin D metabolite; 

(b) contacting the support with a sample comprising the vitamin D metabolite to be 
10 measured; 

(c) contacting the support with a labeled form of the vitamin D metabolite; 

(d) measuring the amount of labeled vitamin D metabolite left bound to the 
support, 

wherein the amount of labeled vitamin D metabolite bound to the support is 
1 5 proportional to the amount of vitamin D metabolite in the sample. 

9. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 8, wherein the binding factor immobilised on the support is DBP. 

20 10. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 8, wherein the binding factor immobilised on the support is an anti- 
vitamin D metabolite antibody. 

11. A method for measuring vitamin D metabolite in a serum or plasma sample 
25 according to any one of claims 8 to 10, wherein the vitamin D metabolite is labeled 
with biotin, avidin, a fluorescent molecule, or a chemiluminescent molecule. 



12. A method for measuring vitamin D metabolite in a serum or plasma sample 
according to claim 6, wherein the binding assay is an immunoassay. 
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13. A method for determining the vitamin D status of a subject, comprising the 
method according to any one of claims 1 to 12. 

14. A method for determining the vitamin D status of a subject according to claim 
5 13 comprising the additional step of first removing a sample from a subject. 

15. A non-competitive displacement agent according to any one of claims 3 to 5. 

16. Use of a non-competitive displacement agent according to claim' 15 in 
10 measuring the vitamin D metabolite in a serum or plasma sample. 

17. Use of a non-competitive displacement agent according to claim 15 in a 
method according to any one of claims 1 to 14. 

15 is. A kit for use in measuring vitamin D metabolite in a sample comprising a 
displacement agent according to claim 15. 

19. A kit according to claim 18 further comprising a key showing the 
correlation between the results of the method and the amount of vitamin D metabolite 

20 present in the sample, 

20. A kit according to claim 18 or 19 further comprising means for measuring 
the vitamin D metabolite present in the sample. 

25 21. A kit according to any one of claims 18 to 20 further comprising one or 
more of a support, labels, protein, antibody and instructions for use. 
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Figure 1 



Figure 1: Typical Calibration Curve 
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Figure 2 
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Figure 2: Direct 25D EIA vs. Gamma B 25 D RIA 
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Figure 3 
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